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Highlights
1. Illusory stretching led to clinically significant analgesia in hand osteoarthritis
 
2. Illusion-induced analgesia was found to outlast illusion induction
 
3. Illusory stretching of the arthritic joint increased subjective flexibility
 
4. A disownership explanation for illusion-induced analgesia was not supported
Abstract
Background: Previous research suggests that multisensory body illusions that alter the 
conscious bodily experience can modulate pain in osteoarthritis, which may be a result of 
modifying cortical misrepresentations of the painful body part. However, the longevity and 
underlying mechanisms of such illusion-induced analgesia is unknown.
Objectives: This experimental study aimed to investigate the therapeutic potential of body 
illusions, specifically examining the longevity of analgesia and effects on subjective joint 
flexibility. We also aimed to test if illusory-induced analgesia was due to limb disownership, 
which is also thought to be affected by body illusions.
Method: Multisensory stretch and shrink illusions were used to manipulate mental 
representations in hand osteoarthritis. Experiment 1 examined longevity of analgesia by 
comparing pre-illusion pain ratings with post-illusion ratings taken immediately and over a 
period of four minutes both with and without vision of the manipulated limb. Experiment 2 
compared changes in subjective flexibility between the illusion types. Experiment 3 tested 
whether an illusion that induced a temporary experience of hand loss would indicate limb 
disownership as a mechanism for modulating pain during body illusions.
Results: Illusion-induced analgesia was found to outlast the direct application of both shrink 
and stretch illusions. Illusory stretching provided more clinically significant pain reduction 
along with increased subjective flexibility. Disownership of the limb had no effect on pain 
ratings. 
Conclusions: Illusory stretching of the joints in osteoarthritis may have significant clinical 
potential in development of future pain treatments. The results are also compatible with 
theories of cortical involvement of pain in osteoarthritis.
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An exploratory investigation into the longevity of pain reduction following 
multisensory illusions designed to alter body perception.
Abstract
Background: Previous research suggests that multisensory body illusions that alter 
the conscious bodily experience can modulate pain in osteoarthritis, which may be a 
result of modifying cortical misrepresentations of the painful body part. However, the 
longevity and underlying mechanisms of such illusion-induced analgesia is unknown.
Objectives: This study aimed to investigate the therapeutic potential of body 
illusions, specifically examining the longevity of pain relief and effects on subjective 
joint flexibility. We also aimed to test if illusory-induced analgesia was due to limb 
disownership, which is also thought to be affected by body illusions.
Method: Multisensory stretch and shrink illusions were used to manipulate mental 
representations in hand osteoarthritis. Experiment 1 examined longevity of analgesia 
by comparing pre-illusion pain ratings with post-illusion ratings taken immediately 
and over a period of four minutes both with and without vision of the manipulated 
limb. Experiment 2 compared changes in subjective flexibility between the illusion 
types. Experiment 3 tested whether an illusion that induced a temporary experience of 
hand loss would indicate limb disownership as a mechanism for modulating pain 
during body illusions.
Results: Illusion-induced analgesia was found to outlast the direct application of both 
shrink and stretch illusions. Illusory stretching provided more clinically significant 
pain reduction along with increased subjective flexibility. Disownership of the limb 
had no effect on pain ratings. 
Conclusions: Illusory stretching of the joints in osteoarthritis may have significant 
clinical potential in development of future pain treatments. The results are also 
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compatible with theories of cortical involvement of pain in osteoarthritis.
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Introduction
Osteoarthritis (OA) is a debilitating condition characterised by cartilage degeneration 
in the joints. The pain and function loss of OA make it a leading cause of chronic 
disability in older adults (Guccione et al. 1994). Despite the presence of tissue 
damage in OA, there is evidence for additional processes contributing to the pain 
experienced: pain and sensitivity to noxious and non-noxious stimuli do not correlate 
with the extent of structural damage (Szebenyi et al. 2005; Arendt-Nielsen et al. 2010; 
Gwilym et al. 2010) and many patients continue to experience pain after complete 
joint replacement (Beswick et al. 2012).
Adverse side-effects of drug treatments are common, with long-term outcomes 
variable, undetermined or detrimental (Jordan et al. 2003; Altman 2018; Crofford 
2015), making investigations of non-pharmacological therapies important (Hochberg 
et al. 2012).  An exploratory study in 2011 demonstrated substantial analgesia in OA 
following exposure to multisensory resizing illusions applied to the painful parts of 
OA hands (Preston and Newport 2011). Illusion-based therapies are found to help 
alleviate pain in chronic conditions for which that pain is thought to have a cortical 
component (Boesch et al. 2016; Tsay et al. 2015; Foell et al. 2014). For example, 
mirror therapy (McCabe et al. 2003) and illusions that reduce the apparent size of the 
limb (Moseley et al. 2008) can change reported pain in complex regional pain 
syndrome type 1 (CRPS1) and there is substantial support for the analgesia using 
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mirror therapy for phantom limb pain (Ramachandran and Rogers-Ramachandran 
1996; Chan et al. 2007; Finn et al., 2017; Whittkopf and Johnson 2017). For OA, 
illusory resizing of the joint is shown to modulate pain for the hand and knee (Preston 
and Newport 2011; Themelis and Newport 2018; Stanton et al. 2018). Currently the 
mechanisms behind such illusion-induced analgesia are unclear, although it is 
suggested that the pain may be mediated by misrepresentation of the body in the brain 
that the illusions temporarily correct (Boesch et al. 2016; Tsay et al. 2015; Foell et al. 
2014). Indeed, there is evidence that OA patients misperceive the size of their affected 
hand (Gilpin et al. 2015). However, suitable controls are required to examine the 
contribution of placebo, context (e.g. experimental environment) (Themelis and 
Newport 2018), distraction (Malloy and Milling 2010) or sensory processing (e.g. 
disownership) (McCabe 2011). 
A further consideration is longevity of pain relief; it is not known whether 
illusion-induced analgesia reported in OA was transient because pain ratings were 
only taken immediately following the illusion, with no post-experiment follow up 
(Preston and Newport 2011). Stanton et al. (2018) recorded prolonged analgesia for 
sustained (continuous) illusions and increased analgesia for repeated illusions in the 
knee, but it is still not clear whether these effects last beyond the immediate 
application of the illusion. Body illusions found to provide analgesia with other 
chronic pain conditions, thought to involve cortical reorganisation, find that the 
effects outlast illusion induction (e.g. Chan et al., 2007). Therefore, the primary 
purposes of the current study were to replicate the original results and to investigate 
the longevity of effects. Additionally, a further debilitating symptom of OA is joint 
stiffness (Hawker et al. 2018). Preston and Newport (2011) reported anecdotal 
increases of joint flexibility in some participants. Therefore, a secondary aim was to 
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investigate whether subjective range of movement (ROM) is modulated by illusions. 
An alternative explanation for illusion-induced analgesia is disownership of 
the real limb (McCabe 2011). Illusory ownership over a fake hand is suggested to 
cause at least partial disownership of the real limb in healthy controls. While such 
subjective reports of disownership in heathy individuals are generally low (Longo et 
al. 2008; Preston 2013), physiological changes during illusions that can induce 
disownership suggest altered sensory processing in the real limb (Barnsley et al. 2011; 
Moseley et al. 2008) that could potentially also include pain (McCabe 2011). 
However, recent studies suggest that ownership is retained following illusory limb 
resizing (Newport et al. 2015) and whether multisensory illusions thought to cause 
disownership of the real limb modulate pain thresholds remains equivocal (Mohan et 
al. 2012, Siedlecka et al., 2014). Thus, the effect of a disownership illusion (Newport 
and Gilpin 2011) on pain ratings was also investigated.
We hypothesized that OA hand pain would be reduced by illusory hand 
resizing, that the effect would last beyond the immediate application and that 
subjective ROM of the affected hand would improve. Given the lack of clear 




38 participants (11 male, 27 female; range: 49-84 years; mean: 65 years) were 
recruited from volunteers responding to newspaper advertisements. Those having 
clinically-diagnosed OA according to clinical criteria used by their health practitioner 
in the hands, wrists, or fingers for a least 12 months were selected. Exclusion criteria: 
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prior knowledge or expectations about the research, history of neurological or 
psychiatric disorders, operations/procedures that could have damaged peripheral 
nerve pathways in the limb. All 38 took part in Experiment 1a, 28 in Experiment 1b 
and 26 in Experiments 2 and 3. Participants gave written informed consent and the 
study was conducted in accordance with the declaration of Helsinki and approved by 
University of Nottingham Ethics Committee. Sample size was based on a power 
analysis conducted using G*power 3.1, with a predicted effect size of dz = .93 
(Preston and Newport 2011), power = .95, alpha = .05 suggesting a minimum 
required sample size of 15 participants. Additional participants were recruited to 
account for attrition.
Materials:
All experiments were conducted using a 60Hz MIRAGE multisensory illusion system 
(Newport et al. 2010; Newport et al. 2009) MIRAGE uses cameras and mirrors, 
arranged such that the participant views ‘live’ images of the real hand in the same 
spatial location as if viewing the hand directly. Images can be manipulated using in-
house software, allowing spatial distortions of the hand to be displayed within ~20ms.
Design:
All experiments employed a quasi-experimental one-group pretest-posttest repeated-
treatment design involving a single patient group examining pain (primary outcome 
variable) and ROM (secondary outcome variable)  before and after our experimental 




Experiment 1a (N=38) was designed to replicate previous results (Preston and 
Newport 2011) whilst manipulating the magnitude of the illusory shrink and stretch. 
Following 30 seconds’ acclimatisation to MIRAGE, each participant received the 
stretch and shrink illusions (Figure 1) at full (100% of the original finger length) 
manipulation and increments (25%, 50%, 75% of the complete manipulation) in 
different blocks. Two trials for each increment were delivered. The order of blocks 
was counterbalanced between participants. The order in which the increments were 
delivered was counterbalanced within participants (ABCDDCBA).
Figure 1: The MIRAGE apparatus depicting a stretch illusion (far right panel); 
stills from a patient with osteoarthritis undergoing illusory shrinking (top left 
row) and stretching (bottom left row). 
Stretch Illusion: The experimenter gently pulled on the hand/finger distal to the most 
painful part whilst the image stretched simultaneously. The stretch started at the 
centre of the painful location and spread longitudinally in both directions. The rate of 
stretch was controlled by a sliding mechanism, operated by the experimenter, 
synchronising the timing and speed of the stretch such that the seen stretch and felt 
pull were perceived at the same time, in addition to increased stretch speed being 
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accompanied by a firmer pull. 
Shrink Illusion: Shrinking was achieved by gently pushing on the hand/finger, distal 
to the most painful part whilst the image simultaneously contracted longitudinally.  
Illusory manipulations (full or incremental) took ~4s.
To assess the primary outcome measure, verbal pain ratings were taken before and 
after each full and incremental manipulation using a 21-point numeric rating scale 
(NRS) (0 = no pain at all; 20 = most severe pain imaginable). A 21-point rating scale 
has equivalent reliability to the more frequently used 11-point scale (Jensen and 
Karoly, 2001) and was chosen in order to make it comparable to the previous 
study (Preston and Newport 2011). Furthermore, an advantage of using a scale 
that is likely to differ from a patient’s usual routine is that it encourages them to 
think more about the rating of their current pain (rather than, for example, 
thinking ‘I am always at 10’).
Experiment 1b:
Experiment 1b examined longevity of pain relief conducted on only those who 
experienced pain amelioration in Experiment 1a (N=28). The remaining participants 
experienced either no change or increased pain. For each participant, the illusion from 
Experiment 1a that had produced the strongest pain relief was selected: 11 
participants underwent shrinking and 17 participants underwent stretching (2 of which 
reported equivalent analgesia for stretching and shrinking but opted for stretching as 
this was deemed more visually pleasant). After the manipulation, the participant 
viewed the image of their hand for two minutes, during which time they were 
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encouraged to move the hand and fingers. The image was then hidden from view for a 
further two minutes with participants asked to look towards the hand, though they 
were unable to see it. 
For the primary outcome measure, verbal NRS reports of pain were taken 
immediately prior to illusion induction, immediately following the manipulation and 
at 20-second intervals throughout the subsequent four minutes (two minutes with the 
hand in view; two hidden). On leaving the laboratory, patients were asked to record 
the time at which they no longer felt pain-relief and to report this to the experimenter 
during a telephone follow-up 24 hours later.
Experiment 2
Experiment 2 examined the effect of illusions on subjective ROM in OA joints. 26 
participants from Experiment 1b took part; the remainder either unable to attend 
within the timeframe or declining to participate. Each participant was exposed to the 
shrink and stretch illusions described above, using the optimal manipulations 
identified in Experiment 1a. Participants were asked to flex and extend the affected 
joint for 10 seconds whilst viewing the manipulated hand. Subjective ROM was 
recorded before the experiment and after each illusion using 21-point NRS (0 = 
cannot move at all; 20 = complete freedom of movement). Between illusory 
conditions, participants were asked to remove their hand from MIRAGE and view it 
directly whilst flexing the joint.  The order of the Shrink and Stretch conditions was 
counterbalanced across participants. In order to retain focus on subjective movement, 
no pain ratings were made in this experiment.
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Experiment 3
The contribution of disownership to analgesia in OA was examined using the 
disappearing hand trick (DHT) (Newport and Gilpin, 2011). Participants held both 
hands just above the worksurface in MIRAGE. They were to keep the hands still and 
stop them from touching coloured bars superimposed to either side of each hand that 
expanded to narrow the available space in which each hand was positioned. During 
this task (25 seconds) the image of each hand moved towards the midline at 25 mm/s 
– a rate too slow to be noticeable. Thus, in order to maintain the appearance of the 
hands remaining stationary, participants must (unconsciously) move both hands 
outwards at the same rate, resulting in the hands being located 12.5 cm further apart 
than they appear visually. Participants then placed both hands on the worksurface, at 
which point the superimposed bars and the image of their most painful hand 
disappeared from view. Participants reached across with their visible hand to try to 
touch their unseen hand, but due to the hands being further apart than consciously 
perceived they could only see and feel the empty worksurface, resulting in a powerful 
sense of hand loss (Newport and Gilpin 2011). Pre- and post-illusion pain ratings 
were gathered using a 21-point NRS scale assessing the primary outcome measure. 
Data Analysis
As data were ordinal, non-parametric Wilcoxon signed ranks tests and Spearman’s 
rho correlations were used. Effects sizes are reported as r (Pallant 2007). Bonferroni 
correction was used to correct for multiple comparisons.
Maximum Pain Reduction: To test for illusion-induced analgesia, the lowest reported 
pain rating following incremental or full manipulations for both illusions in 
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experiment 1a was identified for each experiment and compared to pre-manipulation 
ratings. Change in pain scores were calculated by subtracting the lowest post-
manipulation rating from pre-manipulation ratings. Change scores were then 
compared between illusion types (shrinking and stretching).
Incremental manipulations: To examine the effect of different degrees of the illusory 
manipulations pre-manipulation pain rating for both illusions were compared to 
ratings after each increment (averaged across the two trials for each condition) from 
experiment 1a. 
Longevity: To examine how long illusion-induced analgesia lasts pain ratings at each 
time-point following illusion induction from experiment 1b were compared to pre-
manipulation ratings. Pain ratings at the first and final time-points following the 
manipulation were also compared examining the consistency of analgesia over time.
Subjective Range of Movement (ROM): To test for changes in our secondary 
outcome variable post-manipulation ROM ratings for each illusion were compared to 
the pre-illusion rating from experiment 2. To further examine if there is a relationship 
between analgesia and flexibility, change in ROM scores were calculated by 
subtracting pre-illusion ratings from post-illusion ratings for both illusion types. 
Correlations were then conducted between change in ROM scores and change in pain 
scores calculated from experiment 1a (see above).
Disownership: To examine how an illusion of hand loss influences pain pre-DHT pain 




Maximum Pain Reduction: Post-stretch pain ratings (median = 5, IQR = 2 - 8) were 
significantly lower than pre-stretch ratings (median = 8, IQR = 5-10) (z= -4.57, p 
<.001, r = .52), equating to an average reduction of 39.6% (median = 40.8%). 
Furthermore, post-shrink ratings (median = 5, IQR = 2.75 - 10) were significantly 
lower than pre-shrink ratings (mean = 6, IQR = 5 – 11.25) (z= -4.3, p >.001, r = .49), 
equating to an average of 28.1% pain reduction (median = 15.4%). No significant 
difference was found in maximum pain reduction between the illusion types (z= -
2.09, p =.037, r = .21). (Critical p=.017). (Figure 2).
Figure 2: Maximum pain reduction.  Box-plots depicting pre- and lowest post-
illusion pain ratings. Lowest post-manipulation ratings were significantly lower 
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than pre-manipulation ratings for both shrink and stretch illusions. 
Incremental manipulations:  For Stretch, pre-manipulation pain ratings (median = 6.5, 
IQR = 4.9 – 10.1) were not significantly different from pain reported at 25% (median 
= 5.5, IQR = 3 – 10.1) (z= -2.404, p =.016, r = .28), but pain was significantly 
reduced compared to pre-manipulation scores at 50% (median = 5, IQR = 2.9 – 
10)(z= -2.87, p =.004, r = 3.3), and 75% (mean = 5.25, IQR = 2.8 – 10)(z= -2.75, p 
=.006, r = 3.2). For Shrink, pain ratings were not reduced at any increment. 
(maximum z = -1.895, p =.058, r = .22). (Critical p =.08). (Figure 3).
Figure 3: Incremental manipulations: Post-manipulation pain ratings were 
significantly lower than pre-manipulation at 50%, and 75% of the maximum 
illusory Stretch (left panel); there were no significant differences for incremental 
Shrink illusions (right panel).
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Experiment 1b:
Longevity: Post-manipulation pain ratings were significantly lower than pre-
manipulation at all time-points, including when the hand was hidden from view 
(smallest z= -4.207, p<.001, r = .8). The difference in pain ratings between the final 
(median = 5, IQR = 2.25 – 8) and first (median 4, IQR = 1.25 – 7.25) post-
manipulation time-points was approaching significance (z = -3.01, p =.003, r = .57).  
(Critical p=.003). (Figure 4). Full details of duration of pain relief for each participant 
can be found in Table S1.
Figure 4: Longevity of analgesia: pain ratings at pre-manipulation (black bar) 
were higher compared to each time-point following the illusory manipulation. 
Pain ratings were taken immediately after the manipulation and at 20 second 
intevals for two minutes with the hand visible (white background) and for two 
minutes with the hand occluded (shaded background). There was no significant 
difference between pain ratings at the first and final time-points following the 
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manipulation. 
26 patients were contacted, by telephone, 24 hours after their visit to assess any 
longer-term changes in pain. Due to a clerical error, follow-up longevity data was not 
collected for two patients. Three patients provided additional information about the 
length of pain reduction when they were contacted at a later date for a follow-up 
event. Pre-manipulation levels of pain returned within 4 minutes for four participants 
(~16%) and within 20 minutes for 17 participants (68%). The final 16% of 
participants reported pain-relief that outlasted the length of the visit, ranging from 7 
hours and 10 weeks (see Table S1). 
Experiment 2:
Subjective range of movement (ROM): ROM ratings were significantly higher after 
Stretch (median = 15, IQR = 12.8 - 16) compared to pre-manipulation (median = 13.0, 
IQR = 10 - 16) (z = -2.45, p = .014, r = .34). Ratings following Shrink (median = 12, 
IQR = 10 - 17) were not significantly different to the pre-illusion ratings (z = -.438, p 
= .662, r = .06). (Critical p=.025). (Figure 5). Correlations between change in ROM 
and change in pain for each illusion revealed no significant relationships (stretch: rs = 
-.233, p = .251; shrink: rs = .258, p = .203).
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Figure 5: Subjective range of movement (ROM): ROM ratings were significantly 
greater following Stretch compared to pre-manipulation ratings. There was no 
significant difference between pre- and post-manipulations ROM ratings for the 
Shrink illusion. 
Experiment 3.
Participants still experiencing complete analgesia from Experiment 2 (pre-DHT pain 
rating of 0) were excluded from analysis (N=2). No significant difference between 
pre- and post-DHT ratings was found (z= -.666, p =.506, r = .1).
Discussion 
These results extend and replicate those of Preston and Newport (2011), 
demonstrating analgesia following illusory resizing of the painful hand. Importantly, 
the primary outcome measure of pain relief was not limited to the immediate period 
of illusion induction, but remained lower for two minutes while viewing the 
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manipulated hand, and a further two minutes without vision of the hand.  For four 
participants, pre-manipulation pain returned within four minutes of the experiment; 
for 17 participants, pain returned within ~20 minutes; the final four reported some 
level of analgesia lasting between 7 hours and 10 weeks (see Table S1).
While pain relief was relatively temporary, even brief respite from pain may be 
beneficial, particularly if associated with increased ROM (observed following illusory 
Stretch). A temporary window of pain relief could allow patients to engage in 
physical rehabilitation exercises that might normally be avoided. Further research is 
required to investigate whether illusions could be used over multiple sessions to 
tackle long-term pain and disability in OA. A mechanism for this, suggested here and 
elsewhere (e.g. Preston and Newport 2011; Gilpin et al. 2015; Stanton et al. 2013), is 
that illusions target a putative cortical body representation component in OA through 
cortical plasticity. If mental representations of the painful joint are distorted in size 
(Gilpin et al. 2015), contributing to experienced pain, then multiple sessions of 
illusory resizing could reduce cortical misrepresentation over time leading to longer-
term analgesia. While body illusions can update cortical mapping in healthy controls 
during illusion induction (Schaefer et al. 2007) a recent finger shrinking study found 
body representation changes independent of immediate illusion application (Perera et 
al. 2017), suggesting potential for long-term changes to body representations. 
Significant analgesia was observed for both Stretch and Shrink illusions, 
reducing by 39.6% (median = 40.8%) and 28.1% (median = 15.4%) on average 
respectively. 60% of participants reported a maximum pain reduction of >30% 
following illusory Stretch and >40% of participants reported pain to be reduced by at 
least 50%. Reductions of  >30% are considered clinically meaningful and >50% 
extremely meaningful (Dworkin et al. 2018). Although there was no difference in 
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maximum analgesia between the illusions, fewer participants reported analgesia at 
meaningful levels for the Shrink illusion (31% experiencing >30% pain reduction; 
29% experiencing >50% pain reduction). Furthermore, incremental Shrink was not 
beneficial and Shrink did not improve perceived flexibility, suggesting that illusory 
shrinking may be less clinically important compared to illusory stretching. If, as 
suggested by Gilpin et al. (2015), the representation of the OA hand is too small, 
illusory stretching could work by correcting shrunken cortical representations. 
The differences observed for subjective ROM and incremental manipulations between 
Shrink and Stretch illusions suggest the involvement different underlying 
mechanisms. It is possible that the effect observed for Shrink may be related 
attentional factors such as distraction. Anecdotally participants reported that a 
shrunken finger is unpleasant in appearance compared to a stretched finger. This may 
explain why smaller increments of Shrink did not elicit a significant effect; 
disfigurement draws and holds attention, especially within a disease-threat context 
(Ackerman et al., 2009). The Stretch illusion, however, may tap into (shrunken) body 
representation mechanisms in OA (Gilpin et al. 2015), or give a perceived relaxation 
of the joints (especially those with obvious nodes). Illusory stretching has been 
described as being like ‘the finger yawning’ or as making the ‘whole body relax’ 
(Preston and Newport 2011).
Joint degradation in OA leads to reduced flexibility, which, in turn, increases the 
progression of joint deterioration, and greater pain and disability (Hawker et al. 2018). 
Disability is a key contributor to depression (Mossey and Gallagher 2004; Hawker et 
al. 2018) and reduced quality of life (Salaffi et al. 2005) in OA and thus it is important 
to help patients keep moving. The current results are the first to demonstrate evidence 
for increased subjective OA joint flexibility following body illusions. It is unclear 
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from the current results whether the observed change in perceived flexibility was a 
direct effect of the illusion or a secondary consequence of analgesia. Although we did 
not find correlations between pain and ROM changes, our measures were taken in 
different experiments on different days. Moreover, if increased ROM was a by-
product of analgesia it may be expected to have a similar effect for the shrinking 
illusion, which was not observed. 
Our results suggest greater clinical potential for stretching relative to 
shrinking. A visual effect of illusory stretching is the reduced appearance of the joint 
swelling, a characteristic of OA. It is possible that improving the visual appearance of 
the hand leads to pain reduction and increased perceived flexibility. Visual 
appearance of the body is demonstrated to influence sensory processes. In healthy 
participants, viewing the limb can increase pain thresholds (Longo et al. 2009) and 
magnification of the viewed arm increases touch sensitivity (Kennett et al. 2001). 
Additionally, visually minimising a swollen hand can reduce movement induced pain 
and swelling in CRPS1 (Mossey and Gallagher 2004). Therefore, an alternative 
account to correcting distorted cortical representations could be that simply making 
the diseased limb appear visually healthier through reducing the appearance of 
swelling, may reduce pain. 
A previous study has suggested possible mechanisms underlying observed  
differential effects of shrinking and stretching illusions on tactile perception in 
healthy individuals (Perera et al. 2015). Specifically, that illusory stretching may 
temporarily alter cortical processing by increasing activation of multisensory visuo-
proprioceptive neurons and thus increasing tactile sensitivity. Shrinking, on the other 
hand, may decrease tactile perception through downregulation of visual information 
through reduced visual detail from the smaller appearance of the finger. Such 
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differing mechanisms may both influence pain in OA, the former through correcting 
shrunken cortical representations and the latter through down-regulation of sensory 
information from the finger (Ernst and Banks 2002; Ernst and Bülthoff 2004), 
including pain, and thus may explain why both produce analgesia but to differing 
degrees. A further possibility for the different results from shrinking and stretching is 
via affective networks. Pain is known to involve both perceptual and affective brain 
regions as part of the pain matrix (Tracey and Mantyh, 2007). Because both Shrink 
and Stretch illusions involve integration of vision and touch, they may have 
equivalent effects on sensory perceptual regions resulting in some pain reduction. The 
enhanced analgesia and flexibility observed following stretching may thus result from 
additional involvement of affective brain regions, which are more likely to be 
negatively influenced by shrinking due to the unpleasant appearance of the shrunken 
finger. Indeed, patients for whom the Shrink and Stretch illusions induced equivalent 
analgesia maintained a preference for the Stretch illusion as it was deemed more 
visually pleasant. 
Another explanation for illusion-based analgesia in OA is disownership of the 
real limb (McCabe 2011) through resultant alterations in sensory processing 
(Barnsley et al. 2011; Moseley et al. 2008). The DHT exploits multisensory 
integration mechanisms, thought to be essential for the experience of body 
permanence, to elicit a temporary illusion of limb loss. Here we did not find evidence 
for analgesia using the DHT. However, while the DHT elicits a feeling of limb 
disownership in most healthy people, disownership was not measured directly in our 
OA patients and therefore these results can only be taken as indirect evidence that 
disownership is unlikely to be the mechanism underlying illusion induced analgesia. 
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Although the current results are compatible with a cortical misrepresentation 
explanation in OA, a limitation of the current research is that, without examining 
neural activity, the exact processes underlying the observed analgesia are equivocal. 
Furthermore, although steps were taken to control for participant expectations during 
recruitment, it is not possible to fully rule out a placebo or contextual effect given the 
measures and the environment in which the experiments took place. For example, 
simply sitting in a comfortable room in a distracting (novel) environment for a short 
time may in itself reduce pain, and whilst this is unlikely to cause the initial sudden 
pain reduction observed following the illusion induction, it may contribute to the 
subsequent pain scores and thus exacerbating the apparent longevity of the analgesia. 
Additionally, although differing results reported here for Shrink and Stretch on ROM 
and in the previous study for pain (analgesia only when illusions applied to the 
painful and not non-painful parts of the hand) (Preston and Newport 2011) suggest 
these effects are not purely contextual, future studies should include specific controls 
to directly examine this. It should be noted that participants could have interpreted the 
wording of the ROM statement to mean ‘ease’ or ‘flexibility’ of movement rather 
than magnitude or absolute range. Both are beneficial and future research could 
measure both constructs explicitly. Finally, although our results are encouraging in 
terms of clinical impact, these illusions were induced using expensive custom 
equipment (MIRAGE). Therefore, eliciting these illusions in a clinical or home 
setting is currently impractical, particularly if pain relief does not exceed 20 mins for 
most participants. However, recent innovations of such illusions may provide more 
cost-effective alternatives (Byrne and Preston 2019), which need to be further 
explored. 
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In summary, the current experiments extend and replicate previous findings 
that demonstrate clinically meaningful analgesia from multisensory illusions in OA 
by revealing that pain relief lasts beyond the initial manipulation, even when vision of 
the hand is obscured. Pain reduction was more significant for illusory stretching 
compared to shrinking and stretching also resulted increased subjective joint 
flexibility. Taken together these results suggest that continued research to establish 
whether multisensory illusions can complement existing analgesic treatments for OA 
is warranted. Furthermore, the results are compatible with growing evidence that 
distorted cortical representations may contribute to the pain experienced by OA 
patients, although further neural investigations are essential. 
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Pain at end of 
the session?
Pain at follow 
up (24 hours)? Notes (additional 
follow up)
P2 20 Y Y
P3 20 Y Y
P4 20 Y Y
P5 4 Y Y
P6 4 Y Y
P7 20 Y Y
P9 20 Y Y
P10 20 Y Y
P12 20 Y Y
P16 20 Y Y
P17 20 Y Y




Pain halved for 3 
days
P20 - N N
No pain between 
first and second 
visit
P23 4 Y Y
P24 20 Y Y
P26 - N N
Reduced pain at 
10 weeks, but 
stiffness had 
returned
P28 4 Y Y
P29 20 Y Y
P31 20 Y Y
P32 20 Y Y
P33 - N Y
No pain for 7 
hours
P36 20 Y Y
P37 20 Y Y
P38 20 Y Y
